Introduction
Transplantation techniques to form chimeras have been shown to be very useful for the study of various phenomena in developing organisms (8) . For analysis of chimeras it is necessary to distinguish the cells derived from transplanted tissue from those of host cells. Quail-chick chimeras have been used extensively, utilizing the classic nuclear marker of quail cells stained by the Feulgen method (6,7). This marker has the advantage of permanence through the development of chimeras and the convenience of easy histological procedures. However, with this marker it is not easy to identlfy the quail cells in quail-chick chimeras at low magnification under a light microscope, especially when only a few quail cells are present among many chick cells. Moreover, it is impossible to detect cytoplasmic processes extending far from a nucleus, such as the s o n s and dendrites of neurons and the processes of glial cells.
In recent years, antibodies against cytoplasm or plasma mem- brane of quail or chick cells have been generated to overcome the disadvantage of the quail nuclear marker. Conventional antisera specific to many quail tissues including neural tissue, cartilage, and blood vessels (5) , and monoclonal antibodies (MAb) specific to quail blood vessels and blood cells (11, 12) , to chick neurons (14, 15) , and to quail neurons, as well as their application on quail-chick chimeras (15) , have been reported.
A monoclonal antibody (4) is more convenient than a conventional polyclonal antibody, since a hybridoma cell line permanently produces monospecific antibody. For the generation of chimeras the transplantation of quail tissue into chick embryo is technically easier than transplantation in the opposite direction. Consequently, a marker for the detection of quail cells among chick cells is more convenient than a chick-cell marker.
We tried to produce a monoclonal antibody specific to a quail tissue and obtained four MAb which are specific to: (a) quail blood vessels, blood cells, and cartilage cells; (b) quail blood vessels and blood cells; (c) quail blood vessels, blood cells, and mesenchymal tissues, and (d) the ventral half of quail spinal cord and thymus. The last MAb binds transiently to a small number of brain vesicle cells in developing chick embryo as well as in quail embryo. A preliminary application of some of these antibodies on quail-chick chimeras of neural tube and somites is reported here. An abstract of this study was reported elsewhere (2 Figure 1 . lmmunostaining of quail and chick embryos by MAb QCR1. OCR1 stained cartilaginous skeleton of 7-day and 9-day quail embryos (arrowheads in D and E). Blood vessels were stained on the transverse section through both head and neck of 3-day (A), at the upper limb level of 4-day (C) and 7-day (D). and at the neck level of 9-day (E) quail embryos. Nasal pit (np in A) in 3-day quail embryo, tip of limb bud (Ib in C) in 4-day quail embryo, and thymus (th in E) in 9-day quail embryo Were also stained with QCR1. This MAb did not stain any tissue on transverse sections of head and neck of 3-day (E) and neck of 9-day (F) chick embryos. sc. spinal cord; bv, brain vesicle. Bar = 1 mm.
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Materials and Methods
Embryos. Fertilized White Leghorn chick and Japanese quail eggs were purchased from local farms and incubated at 37°C in a humidified incubator.
Immunization. Optic nerves were dissected aseptically from 13-day quail embryos and were homogenized by several passages through a 25-gauge needle. The homogenate was suspended in phosphate-buffered saline (PBS: 0.15 M NaClllO mM phosphate buffer, pH 7.4) at a concentration of two optic nerves per ml. Balbk mice were immunized by intraperitoneal injection of 1.0 ml of this suspension. The animals were boosted twice or thrice at a interval of 2 or 3 weeks. Three days after the last boost, the animals were sacrificed and their spleen cells were fused with P3U1 myeloma cells. Cell fusion and hybridoma cell production were carried out according to Oi and Herzenberg (10) .
Saeening of Hybridomas. Hybridomas were screened by two steps. First, hybridomas producing antibody were selected by dot-blot. Dotting of 5 pI of the supernatant of each culture well of hybridomas on a nitrocellulose sheet was followed by the incubation of this nitrocellulose sheet in HRP-antimouse IgG (H+L) (Bio-Rad; Richmond, CA) (1:lOOO in washing buffer; 0.5% bovine serum albumin, 0.2% Tween 80 in PBS). HRP-anti-mouse IgG (H+L)-bound dots were visualized by the 3-amino-9-ethylcarbazole (AEC) reaction. In the second step, hybridomas producing MAb that bound exclusively to quail cells and not to chick cells were selected, using paraffin sections of necks of a 9.5-day quail embryo and ofa 9.5-day chick embryo. Histological procedures are described below.
Hybridoma cells shown to produce quail-specific antibodies were cloned and screened again. The final cloned positive hybridoma cells were grown and frozen to stock in liquid nitrogen. The supernatant was obtained from confluent culture of each hybridoma cell line.
Chimeras. Somite chimeras (1) and neural tube chimeras (3) between quail and chick embryos were generated. The most caudal newly formed somites were isolated from 2.5-day quail embryos at the 20-25 somite stage. The isolated somites were cut into rostral and caudal halves and transplanted into the corresponding region of chick embryos which had been deprived of the corresponding parts of somites. Neural tube at the brachial level of 2-day chick embryo was replaced by that of quail embryo at a similar stage. The chimeric embryos were fixed with 3.5% formaldehyde in PBS 7 days after the operation. Histology. Chick and quail embryos at various developmental stages were fixed with 3.5% formaldehyde in PBS. pH 7.4, after 3-9 days of incubation. These normal embryos as well as the chimeras were dehydrated in ethanol and xylene and embedded in paraffin to prepare 7-pm paraffin sections. Three pairs of sections of chick embryos and of quail embryos at the same developmental stage were mounted on each slide.
Immunostaining was carried out separately on each set of sections, which became possible when water between the sets of sections was completely wiped away. After deparaffinization, sections were treated with 3% H202 for 10 min to inactivate the intrinsic peroxidase. The sections were then incubated in hybridoma supernatant for 1 hr. washed twice in PBS for 20 min. incubated in HRP-conjugated anti-mouse IgG (H+L) diluted 1:lOO in PBS with 0.3% bovine serum albumin for 1 hr, and washed twice in PBS for 20 min. HRP activity was detected with either the AEC or the DAB reactions. All steps were carried out at room temperature. Cell surface of (C) red blood cells (rbc) in a blood vessel and of (D) thymocytes in thymus (th) in 9-day embryo were stained. (E) Nasal pit (np) in 3-day embryo.
(F) Limb bud of 4-day embryo. Mesenchymal tissue beneath the apical ectodermal ridge (arrowhead) was intensely stained. Bars: A,C-F = 100 pm; B = 25 pm.
Results
Four types of monoclonal antibodies were obtained. We surveyed their tissue and species specificity on paraffin sections of quail and chick embryos, which were fixed on each day from 3 to 9 days of incubation.
Monoclonal Antibody QCRl
MAb QCRl bound to cartilage cells as well as to blood vessels, blood cells, nasal pit, and limb bud of 3-9-day quail embryo ( Figures  1A and lC-lE) , and did not bind to any tissues of 3-9-day chick embryo (Figures 1B and IF) . Staining of the cytoplasm in cartilage cells of vertebrae appeared in embryos older than 5 days ( Figures 1D and IE, arrowheads; 7-day and $)-day quail embryo, respectively). Not all the cartilage cells were equally stained (Figures 2A and 2B) . Some cells had very strongly stained cytoplasm and some were only weakly stained. This heterogeneous staining may be due to the level of cartilage cell differentiation, since the cells in the center of vertebrae tended to be less stained.
Not only differentiated cartilage cells in vertebrae but also the condensed mesenchymal cells forming the rudiment of cartilaginous skeleton in the limb bud in S-day quail embryos were immunolabeled by MAb QCRl (Figure 2C, arrowhead) . Therefore, QCRl detects both differentiated cartilage cells and their precursor cells in very early developmental stages.
In addition to cartilage cells, MAb QCRl bound to the endothelial cells of blood vessels and to some blood cells of quail embryos ( Figure 3A) , similarly to MAb QB1 and QB2 antibodies described below and to MB1 (12) and QH1 (11) . Immunostaining of the developing central nervous system of 4-day and older quail embryos with this antibody demonstrated that the endothelial cells of blood vessels penetrating into the spinal cord had many fine processes ( Figure 3B, arrowheads) .
Round blood cells in 3-day quail embryos ( Figure 3A , arrowheads), the red blood cells in the quail embryo older than 7-day ( Figure 3C, rbc) , and thymocytes in 8-and '+day quail embryos ( Figure 3D , th) were stained with QCR1.
Other than the circulatory system and cartilage cells, the epithelium of the nasal pit of 3-day quail embryo (Figures 1A and  3E , np) and the mesenchyme beneath the apical ectodermal ridge ( Figure 3F , arrowhead) in the limb bud of 4-day quail embryo (Figure 3F) were positive for QCRl binding.
The epitope of QCRl appeared to be in the cytoplasm of cartilage cells ( Figure 2B ) and to be in the cytoplasm and/or on the cell membrane in the other tissues, judging by the immunohistological staining, for example, of the filopodia of endothelial cells penetrating into the brain wall ( Figure 3B ) and of the cell surfaces of blood cells ( Figures 3A, 3C, and 3D ).
Monoclonal Antibodies QBl and QB2
MAb QB1 and QB2 bound to the endothelial cells of blood vessels and to some of blood cells ( Figures 4A and 4B) of quail embryos at all of the stages we surveyed, as well as to nasal pit epithelium and limb bud (not shown). The pattern of immunostaining in these tissues with QBl and QB2 was similar to that of MAb QCRl described above, although thymocyte staining was weaker with QB2 than with QCRl or QBl ( Figures 4F and 4G) , and red blood cells were stained at an earlier stage with QB2 than with QBl (not shown).
Unlike MAb QBl, MAb QB2 bound not only to endothelium and to blood cells but also to mesenchymal tissue of 3-9-day quail embryo (Figure 4) . Connective tissue staining with QB2 was fibrous in quail embryos ( Figures 4B, 4D, 4E, and 4G) . The dorsal root ganglion (DRG) in 4-day embryo also showed fibrous staining (Figure 4D) . Staining of muscle, DRG, and spinal nerve in 7-day embryo was very weak ( Figure 4E ). This indicates that the fibrous staining in the DRG in 4-day embryo does not represent staining of neurites, since there was no continuous staining of fibers through the dorsal root ganglion and the nerve.
Both QBl and QB2 did not bind to any tissues of 3-9-day chick embryos (not shown). Other than the spinal cord, a subpopulation of thymocytes was also positively labeled with this antibody (Figures SA and SD) .
Monoclonal Antibody QSCl
The species specificity of MAb QSCl was not as strict as that of QCR1, QBI, and QB2. Immunoreactive cells transiently appeared in the early developmental stages of brain vesicle of 4-S-day chick embryo (Figures 6B and 6D ) as well as of quail embryo at the same stage ( Figures 6A and 6C) . QSCI-positive cells localized bilaterally as a pair of clusters in the wall of the ventral half of the brain vesicle ( Figures 6A and 6B) . The fibers of positive cells ran radially ( Figures  6C and 6D) , and the contours of perikarya were clearly stained (Figure 6D, arrow) . "Thus, the entire morphology of the cells can be visualized with this antibody.
Application of QCRl and QSCl on Quail-ChicA! Chimeras
Quail cells in quail-chick chimeras were detected by MAb QCRl and QSC1.
The chick embryos with transplanted quail somite fragments developed into chimeras with chimeric vertebrae, in which the part of the vertebrae differentiated from the transplant was immunolabeled with QCR1. The rostral half of a somite formed the caudal half of a vertebra ( Figure 7A ), and vice versa ( Figure 7B ). Moreover, isolated quail cells could be identified even at low magnification under the microscope, with a x 4 PlanApo objective lens ( Figures  7A and 7C ). Positive cells were visible in the spinal cord and in the mesenchymal tissues on the operated side ( Figure 7C ). These cells may be the derivatives of the endothelial cells contaminated with the transplants of quail somite fragments. In the neural tube chimera, MAb QSCl labeled only the spinal cord derived from the quail transplant and did not label host spinal cord (not shown), suggesting that the fibrous tissue with the QSCl antigen was restricted to the transverse plane and did not ascend or descend through the spinal cord.
Discussion
We generated four types of species-and tissue-specific monoclonal antibodies. Species-specific antibodies against cytoplasm or cell membrane are useful to identify the cells derived from transplants in chimeras.
The common feature of MAb QCRl, QB1, and QB2 was their species-specific binding to blood vessels and blood cells of quail embryos. QB1 may recognize the same epitope as MAb MB1 (12) and QH1 (11) , which is specific to quail endothelial and hematopoietic cells. MAb QB2 and QCRl should be different from those antibodies, since QB2 and QCRl bind to mesenchymal tissue and cartilage. respectively, in addition to endothelial cells and blood cells.
MAb QCR1, QBl, and QB2 did not bind to all of the blood cells. Moreover, the staining pattern of blood cells and thymocytes with each antibody also differed. Further study is needed to distinguish the subpopulations that bind each antibody. By immunohistochemistry with MAb QCR1. the cells derived from quail somite fragment in a quail-chick chimera were easily detected at low magnification. Moreover, isolated quail cells in the chimera, including cartilage cells and endothelial cells that might be derived from endothelial cells of aorta contaminating the transplanted somite fragment, could also be detected in mesenchymal tissue and the spinal cord. Thus, these antibodies enabled us to analyze chimeras more rapidly and more accurately than with the classical nuclear marker.
The second advantage of a species-specific antibody is its ability to stain entire cells. The nucleolar marker system can be used to detect quail nuclei in quail chick chimera but does not allow detection of cell processes away from the nucleus, such as neurites of neurons. Antibodies that stain the entire body of neurons have been generated in a few other laboratories. A polyclonal antibody recognized both central and peripheral nervous system of quail embryo as well as other tissues, whereas it did not stain virtually all tissues in the chick section ( 5 ) . Chick neuron-specific monoclonal antibodies (14,15) and quail neuron-specific monoclonal antibody (15) were obtained and were used to study the extension of neural pathways during spinal tract formation in the quail-chick chimera (15) .
Binding of our antibody QSCl was restricted to the ventral half of the spinal cord in 9-day quail embryo, with virtually no binding in chick embryo of the same age. The radially running fibrous staining suggests that MAb QSCl recognized a type of cell, such as radial glial cells or Bergmann astrocytes, that spans the entire depth of the cerebellar cortex (13) . That a monoclonal antibody was reported to bind midsagittal radial glial cells in postnatal rabbits and cats (9), together with our result, suggests that there are some subpopulations of radial glial cells in the central nervous system.
The shape of the QSCI-positive cells was more evident in younger embryos. Bipolar cells with processes extending to the pial surface and to the ventricular surface were stained in the wall of brain vesicle. However, these QSCI-positive cells were seen not only in B C sc Figure 7 . Detection of quail cells on the frontal sections of 9-day quail-chick somitic chimeras at the level of vertebral bodies (vr) by MAb QCR1 (A) Rostral half of a quail somite transplanted into a chick embryo developed to form the caudal part of a vertebra. (B) Caudal half of a quail somite transplant formed the rostral part of a vertebra and the proximal region of a rib (r). (AC) An isolated quail cell (arrowheads) in a vertebra of a quail-chick chimera was easily detected. (C) Small blood vessels in the spinal cord (sc), which may be the derivatives of contaminating endothelial cells in the transplantation of a quail half somite, were detected exclusively on the operated side and near the explant. Bar = 1 mm. quail embryo at 3-4 days but also in chick embryo at 3-4 days. Although this makes identification of the quail cells in quail-chick chimera in the early developmental stages inconvenient, it suggests that QSCl antigen may exist in a modified form in chick embryo and may be important in both species.
The antibodies identified in this study are tissue specific as well as species specific. Consequently, they can be used to analyze the development of blood vessels, blood cells, mesenchymal tissue, and cartilage cells in normal and experimental embryos not using the chimera technique. In fact, we have shown the pioneer endothelial cells with filopodia penetrating into the central nervous system with monoclonal antibodies QBl, QB2, and QCR1, the condensation of mesenchymal cells forming cartilage anlage by MAb QCR1, and possibly a kind of radial glial cell restricted to the ventral half of the spinal cord by use of MAb QSCI.
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